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(54) CnOCOB l43rOTOBJlEHl4H rOcDPUPO 
BAHHOrO CTAflbHOrO n/lACTbiPfl 
(57) CytUHocTb M3o6peTeHMf»: TepMoo6pa6oT«y 
nnacrwpu roxaMW bwcoko* lacroibi ocymecT- 
b/i«k)t nocne ro4>pMpoea«w», a cMaaosHtivi 
c/iofl H8H0CAT nOBTOpHO noc/ie OX/l3*AenW8. 
npeA^araeMU^ cnoco6 no3BonaeT 3a c^eT no- 
BMUI6HM51 n/iacTVWMbix cboActb MeTan/ta na- 
ACXHO o6ecnevnTb repMe™3auw»o 
peMOHTMpyeMoro yMacTKa ckb3)km«w. 1 rao*. 



ll3o6pereH*e othocwtcp k o6pa6oTxe Me- 
Ta/ina AaaneHv«eM, a nacTHOCTrt k TexHonorww 
MarOToaneHUR ro<t>pMpOB8MHbix rpy6. 

Ochobmumm onepauMstMvt B TexHonornMe- 
ckom npouecce MsrOToaneHwa tohkoctchh^x 
f<xt>pnpoBaHHbix Tpy6 aB/iaeTca xonoAMan Ae- 
4>opM£Mi*fl. nanpwMep eo/K>MeHV»e w npOKanca 
rpyfc, xwMM^ecKaR o5pa6oTxa, TepMvwec*8B 
o6pa6otKa Ana chatm* ocTaTOHKwx Hanpaxe- 
hw&. B03KMicaioiuvix b pe3y/*bYaTe Ae4>opMa- 

UMVI H np04>VWMpOB3HMSI MCTOAOM HBKaTlCM. 

WsaecTBH cnoco6 w3roroBneHK* xpy6 c 
npoAonbMirfMM rotfrpaMM nyreM AayxsTanHoro 

<J>OpMOB3HW» Tpy6bi-3arOTOBKVl. npWMBM na 

nepaow arsne ee ro$pwpy»OT paAwa/ibHWMM 
ycwnwRMM. a na btopom 9Tane o6*viMaK>T b 
npo<t>vf/iwpoaaHHOrt BO/ioice. 

OAMaco BoaHwxatomwe b pe3ynbTare 
c/iqjkhoA A»l>oP Ma ^ Ht1 ocTarpsHbie nanpH*e- 
hmb Me AflOT AoctaTo-mo* nonepeMHOft npon- 
noctw, Mtua/in ct3nobmtc* xpynxwM m 



HenpwroASH b Kasectae .i/tacTbipa npn peMOM- 
re o6caAHOfl kojiohhw a CKBaxviHe. 

fljlH CH«TM» OCTBtOMHblX MBflpWiKeHMl/t Tpy- 

6unoAQCpraiOTTepMMHecKOft o6pa6oTKe -ot- 
>KViry b neMax wna nCO-06 r ^O~0V w 
nonyMeHMfl na TpySax owcnob nneHicw, ew- 
nonH«K)iuevi ^yMKMwvi noAM330MHoro noxpbi- 
TH r m o6naAaioiue^ AOCTaTOMHow 
nopwCTOCTbK) n aACOp6unoHMOi?» cnoco6wo- 

CTMO K CMB3Xe. 

MsBecren Taiwe cn6co6, npw kotopom 
TOHKOCteHMbie npo4>w/ibHbie rpy6w npaB»T 
pacmxceHweM w pa3A3 l *e» c HarpeooM na 3neK- 
TpoTepMkwecicoM o6opyAoeaKnw. CnaMana 3a~ 
roiOBicy Tpy6w HarpeaaiOT tokbmh 
conpotMBWMWfl ao raMnepaTypb< OTKwra, a 
sareM nocne ox/ia)KAeHMji pa3Aa»* npn homo- 

UIM XOHWMeCKOi* OfipBBKW. 

HeAOCTBTOK cnoco6a 38Kji»MaeTCJi b tom. 
HTonpM Hano»ceHMM nnacTwpfl ^3 HeoToxcxen- 

HbiX Tpyfl 5^05KeT OpOWCXOAWTb P33PUB HO 

opo<^n/»bHoft obpaaytotMevV 3 npu Hano^eH^vi 
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nnacxup* w3 oTo*>xeHMbix TpyG c nocne/iyKr 
mwM ro4>pKP0BaMneM mo*ct npOMCxOA"** 06- 
paaooaMne.MMtcpoTpeiUMH bo snaAMnax m H3 
owCTynax opOAOflbHwx ro<}>p npw Ae<|>opMam<ii<t 
mx ao uw/iMHAPMHecKOw 0opMw, xorAa ee nnOT- 
ho npw>KviMa»OT (HaxaThraaiOT) AOpHMpy*ome* 
ronOBKOvi k BMyTpeHHe^ noBepxHOcrw o6caA" 
wo* xoaohhw. B pe3y/ibTare ne o6ccnenMea- 
erc* HaAe^HocTb repMerwaauwu M3-3a 
MM3K0M niiscTMMHOCTw MexaAAa ro<t>pMpoeaH- 
Horo nnacTwp». 

Ue/ibio vi3o6peTeHMfl aBAAeTCR noBbiwe- 
Hue HaAe>KMOCTM repMeTwaauMM o6ca>KeHMoa 

CKB35KMHU nyTeM HOBblUJeHllfl nnaCTMMHOCTW 

MBTanna n/iacTwpn. 

CytuHoctb M3o6peTeHHfl 3aKAK)MaeTca b 
tom, mto TepMOo6pa6oTKy TOKaMU BbicoxoM sa- 
ctotw ocytueCTBA«K>T nocne ro<t>pMpoBaHMa, a 
.3aTe*i noBTopHO HanocflT CMa30MHw^ cno*. 

B pe3YAbT3Te 3naKonepeMeHHMX Ae<J>op- 
MauuA, KoropwM nonoeptaw* M6TSAA3 ipy6 
npw fo<t>p^-pOBaHWii xax b npouecce voroTOB- 
AeHMfl nnacTbipei^. tbk m npw pa3Aase b npo- 
uecce yCTaMOBKVi B CKB3>KHHaX. npOMCXOAMT 

3HaMMTe/ibHoe ynponHeHwe MeTaAAa. npwMeM 
Haw6oAbiukie aHaneHMfl ynpOMHenM* npMXOA- 
»tc« Ka BnaA^Hbi ro<J>pnpoBaHHWX Tpy6. 

M3MeHeHwe tbcpaoctm (Hv) craAw MapKM 
10 npM TepMoo5pa6oTxe. ro<t>pMposaHMM m 
pasAane riAaCTupa noicaaaHO b Ta6AMue. 

113 Ta6AMU« bmaho. MTOTaepAOCTb MeraA- 
Aa nAacTbip^ nocAe pa3^ami b oScaAHOftTpy- 
6e AOCTwraeT Haw6oAbujMx 3HaMeHwft, ecAM 
nAacTbipb M3roTaBAMBaAc» w3 MeTepMOo6pa- 
eoTaHHOfi Tpy6w, flpvi MsroroaAeHMM nAactw- 
pea H3 npeAsapvireAbHO TepMO06pa6cTaHHbtx 
xpyrAUx Tpy6 opw ro4>pMpoBaHMM raepAOCtb 
MecxortbKO CHM*3eTc« no cpaeHenMK) c Herep- 

M006pa60T9HHblMH 3afOTOBKaMM. ho nocAe 

pa3A3MM yeepAOCTb BoapaciaeT turn* ao TOft 

5K6 BCAMMMHW; «*T0 M 663 T€pM006pa60TKM. Ro- 

cAe YepMvtHecKOw o6pa6oTKM ro$pMp083HHbix 
Tpy6 c warpeBOM toksmm bucokom Macxotw 
TBepAOCTb mx cHurcaeTca 3HaMWTCAbHo» a no- 

CA6 P33ABMW OH3 MeMbUie. MCM y M6T6pM006" 
pa60T3HHblX. 

B oTAimwe or nennoro mam ra30Boro na- 
rpesa npn o6pa6oTKe 33totobkm tokqmm bwco- 

KO* M3CT0TW HpOMCXOAMT He3H34MYeAbH06 

M3MeneH%4e 4>opmu ee npo4>MAA, «a nosepxHo- 
ctMTpy6u o6pa3yeTc« tohxm* caoM ok3amhu» 
KOTOpufi'Me oTCAaM©aeTc» b npouecce Ae<t>op- 

MSU"H " 0a3A8MM, Cm330MHWM CAOM HaHOCMT- 
CP Hd BHyfpeMHlOfO noBepxHOCTb 
OTO>K>KeMHUX npOAOAbHO'rO<t>pMpOBaHHWX 

Tpy6 nocAe mx oxAaacAeHMa. Oh npenoxpanqeT 
BHyTpeHn»o»o noBepxMocrbOT xopp03MOHHoro 
pa3pyiueHM» a npouecce 3xcnAyaiauMM m chm- 
>iteHMP oceowx ycMAMM b npouecce pa3Aa^M 
nAaCTwpei^. 



fl p m m e p. Aa» peMOHTa o6c»ahom ko- 

AOHMbl AMaMCTpOM 146 MM C TOAIU^HOM CT6HXM 

8 mm nAacTbipb viarOTaBAMeaKDT M3 tohxoctcm- 
hom Tpy6bt iinaMerpOM 130 mm c toaoimho^ 

5 CTeHKM 3 MM M3 CT3AM M3pXM 10. f\f\\AH3 Tpy6w 

9-11.5 m. 

Ha 8HyTpeHHK>K> nOB8pXHOCTt» Tpy6w H3- 
HOCAT CAOM rp3<()MT0B0M MAM APyfOM CM33KM. 

npeAHa3HascHHOwi aa« chmxcchmh yCMAMi?t ro<J>- 

10 PMPOB3HHA. ro<{)pMpOflflHMe UMAMHApM^eCXOt^ 

tpyObi npOM3BOAPT na cneu^aAbHo^ ydaHOB- 
xe sepe3 poAMxoeyio roAOBxy c snyTpeHHeM 
npo4>wAbHO*onpaeKOtt. noAynaeTCB npOAOAb- 
HO-ro<J)pMpOBaHHa» Tpy6a c HapyxHWM A^a- 

15 MeTpOM 116 MM M MMCAOM TO^P 6 MAM 8. 33TeM 
npOM3BOAHTCfl PMXTOBK3 fO^pMpOBaHHOM Tpy- 

Ow nocAe OTpesxM ee na 3aAaKHyK> AAMHy. 

3aieM npOM3BOA^TCB TepMMMecxaR o6pa- 
6oTKa npOAOAbHo-ro<J>pMpOGaHHOM Tpy6w - 
20 HopMaAM3auM» c HarpeeoM TOxaMM awcoKOft 
MacTotbi Ha yciatiOBxe BMT 30/6. npM 3tom 
npoAOAbHO-ro<t)pMpoBaHHa» Tpy6a ycTBHae- 
AMBaeicfl ropM30HTaAbno Ha poAMKOBtix ono- 
pax m c onpeAeAeHHOM cxopocTbio 
2S npoAB" r aeTc« sepe3 mhayktop. 

OxAa>KAeHMe Tpy6u hpom3boawtc$i Ha 
B03Ayxe. Cm33ks, kOTopaa 6wA3 HaHeceHa ne- 
peA ro<{>pMpoBaHMeM. Bbiropaer. 

Tax xax b cxoa>KMHe npM yCTanoBKe nfla- 
30 CTbipa b MHTepBaAe peMOHia hpom3boamtc» 
pa3Aa^a nAacTbipfl ao KpyrAO^i 4>opMbt m npw- 
>K3tM« k cteHKe o6caAHOM Tpy6w. to npM stom 

B03HMK3IOT 60AbUJMe KOHTaKTHbie Harpy3KM 

Me^KAy oAacrwpeM m MHCTpyMenroM pas- 

35 A3MM. /^AH CHMXeHM» 3TMX H3rpy30X Hd BHyT* 

peHHioK) noBepxHOCTb nAacTbipn naHOCMTCfl 

BTOpMMHO CM330MHWM CAOPl, KOTOpW^I CAy*MT 
kaK AAA CHM^eHMfl yCMAM<4, B03HMK3K)mMX npM 

paoAa^e nA3CTbip», tsk m a*« npeAOxpaMeHw^ 
40 3toA noaepxHocTM ot xoppo3MOHHoro pa3py 
iueHM» e npouecce axcnAyaTauMM. 

CoMeTaHMQ TepMMMecxoiJi o6pa6oTKM nAa- 
CTwpeft noCAe ro4>pMpoB3HM« m Han^ceHMe 
CMaso^Horo caop Ha BHyTpeHHioto noeew»<- 
45 HOCTb nocAe repMMMecicoft o6pa6oTKM no3BO- 

A»K)T nOBWCMTb n A 3CTMMHOCT b MeT3AA3 

HAacTbip oSecneMMTb GAaroAapa 3TOMy na- 
AexcHOdt, repMeTMsaunu peMOHTMpyeMO^ 

" CKB3>KMHW. 

50 

<3> opMyAa M3o6pe^MH» 



CnOC06 M3rOTOBAeHM» ro<l>pMpOB3HHoro 
CTaAbHoro RAacTwprt. npeMMyiueciaeHHO an* 
55 peMOHT3 o6ca>xeHHoa CKsa^^Hbi. bkakd^3io- 
uimm TepMOo6pa6oTxy aaroroaxM. HaHecenMS 
CMaaOHHoro cao* Ha BHy Tpe h h »o »o nOBepxnocTb 
aaroTOBKM m ee ro<J)pMpOBaHMe. amwHaiotmi^ 
c a TeM. ^rro. c ueAbK> noebiujeHMw naAe^HOCTu 
repMetM3auwM o6ca>xeHHOti ckb^mhw nyreM 



BEST AVAILABLE COPY 



5 



1749267 



6 



BbiiueHvift nnacTvisHocTt/i MCTa/ina n/iacTwp*. 
YepM006pft60TKy TOtCaMM oucoKort sacroTw 



ocyiueCTO/ipiOT noene ro(t>r^poeaMi*a. a saTew 

nOBTOPMO MaMOCHT CMa3Q^t»<rt C/lOPl. 



HcxOAHoe COCTOn- 
Hue Maxcpwana 



AO rO^pupOBQHHfl 



Bha 06p860TKH 



floc/ie ro4>p*ipo- 

B8HHJ5 



TepM005pa5oTKB 
noc/ie ro<t>pnpoBa: 
hmp (MOpManwaa- 
UMfl) c HdrpeBW 

TOKdMVt BWCO- 

kow nacTOTbii 



floc/te pa3Aa^« 



Eea TepMOo6pa- 
6otkh 

C TCpM006pfi60T- 

Bed TepMooBpa- 
6otkm 



1570 



1350 



1570 



1750 



1660 



1750 



1350 
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1966 

1750 
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(54) A METHOD FOR 
MANUFACTURE OF CORRUGATED 
STEEL PATCH 

(57) Essence of the invention: heat 
treatment of a patch by high-frequency 
currents is performed after corrugation, 
and a lubricant layer is applied again after 
cooling. The proposed method, as a 
result of the improvement in plastic 
properties of the metal, makes it possible 
to reliably provide leaktightness of the 
section of the well under repair. 1 table. 
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The invention relates to pressure treatment of metal, in particular to the technology for 
manufacture of corrugated tubes. 

The basic operations in the production process for manufacture of thin-walled 
corrugated tubes is cold working, such as drawing and rolling of tubing, chemical treatment, 
heat treatment to remove residual stresses arising as a result of deformation, and roll forming. 

A method is known for manufacture of tubes with longitudinal flutes by means of a 
two-stage process of forming a tube blank, where in the first stage the blank is fluted by radial 
forces and in the second stage it is reduced in a shaped drawing die. 

However, the residual stresses arising as a result of complex deformation do not 
provide sufficient transverse strength, the metal becomes brittle and 
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unsuitable as a patch when repairing casing downhole. 

To remove residual stresses, the tubes are subjected to heat treatment (annealing in 
PSO-06 or PSO-09 furnaces) and an oxide film is achieved on the tubes, fulfilling the function 
of a first coat of lubricant and having sufficient porosity and adsorption capacity for lubricant. 

A method is also known in which thin-walled shaped tubes are straightened out by 
stretching and expanding with heat on electrothermal equipment. First the tube blank is heated 
by resistance currents up to the annealing temperature, and then after cooling it is expanded 
using a conical mandrel. 

A disadvantage of the method is that, when a patch made from unannealed tubes is 
applied, failure may occur along the generatrix of the profile, and when a patch is applied 
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that is made from annealed tubes followed by corrugation, microcracks may form in grooves 
and ridges of the longitudinal corrugations when they are deformed to a cylindrical shape, 
when it is tightly squeezed (rolled) by the coring head against the inner surface of the casing. 
As a result, the reliability of the leaktight sealing is not assured, due to the low plasticity of the 
metal in the corrugated patch. 

The aim of the invention is to improve the reliability of leaktight sealing of a cased well 
by increasing the plasticity of the metal in the patch. 

The essence of the invention is that heat treatment by high-frequency currents is 
performed after corrugation, and then a lubricant layer is applied again. 

Because the strains to which the metal of the tubes is subjected during corrugation are 
of variable sign both during manufacture of the patches and during expansion in the process of 
downhole placement, significant hardening of the metal occurs, where the greatest hardening 
occurs in the grooves of the corrugated tubes. 

The table shows the change in hardness (Hv) of grade 10 steel with heat treatment, 
corrugation, and expansion of the patch. 

From the table we see that the hardness of the metal in the patch after expanding in a 
casing reaches the highest values if the patch is made from non-heat-treated tubes. When the 
patch is made from pre-heat-treated round tubes, upon corrugation the hardness slightly 
decreases compared with non-heat-treated blanks, but after expansion, the hardness increases 
to almost the same value as without heat treatment. After heat treatment of corrugated tubing 
with heating by high-frequency currents, their hardness decreases significantly, while after 
expansion the hardness is less than for non-heat-treated tubes. 

In contrast to furnace or gas heating, when a blank is treated with high-frequency 
currents, an insignificant change in the shape of its profile occurs, a thin layer of scale is 
formed on the surface of the tube, which does not flake off during deformation — expansion. A 
lubricant layer is applied to the inner surface of annealed longitudinally corrugated tubes after 
they have cooled. It protects the inner surface from corrosive failure during use and reduces 
the axial forces during expansion of the patch. 
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Example. For repair of a casing of diameter 146 mm with wall thickness 8 mm, a patch 
is made from thin-walled tubing of diameter 130 mm with wall thickness 3 mm, made of grade 
10 steel Tube length is 9-1 1.5 m. 

On the inner surface of the tube, a layer of graphite or other lubricant is applied, 
designed to reduce corrugation stresses. Corrugation of cylindrical tubing is carried out on a 
special apparatus through a roller head with internal shaped mandrel. Longitudinally 
corrugated tubing is obtained with outer diameter 1 16 mm and number of corrugations equal 
to 6 or 8. Then the corrugated tubing is straightened after it is cut to the specified length. 

Then heat treatment of the longitudinally corrugated tubing is carried out: normalizing 
with heating by high-frequency currents on a VChG 30/6 apparatus. In this case, the 
longitudinally corrugated tubing is placed horizontally on roller bearings and is advanced 
toward the induction furnace at a certain speed. 

The tubing is cooled in air. The lubricant that was applied before corrugation is burned 

off 

Since when the patch is placed in the repair interval downhole, the patch is expanded 
to a round shape and pressed against the wall of the casing, in this case large contact loads 
arise between the patch and the expansion tool. To reduce these loads, a lubricant layer is 
applied on the inner surface of the patch, which serves both to reduce the forces arising during 
expansion of the patch and to protect this surface from corrosive failure during use. 

The combination of heat treatment of the patch after corrugation and application of a 
lubricant layer on the inner surface after heat treatment makes it possible to increase the 
plasticity of the metal in the patch and to accordingly ensure the reliability of the leaktight 
sealing of the repaired casing. 

Claim 

A method for manufacture of corrugated steel patch, preferably for repair of a cased 
well, including heat treatment of a blank, application of a lubricant layer on the inner surface 
of the blank and its corrugation, distinguished by the fact that, with the aim of improving the 
reliability of leaktight sealing of a cased well by 
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increasing the plasticity of the metal in the patch, heat treatment by high-frequency currents 



r 
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is carried out after corrugation and then a lubricant layer is again applied. 



[table under columns 5 and 6] 



Original state of the 
material 


Type of treatment 




Before 
corrugation 


After 
corrugation 


Heat treatment 
after corrugation 
(normalizing) with 

heating by high- 
frequency currents 


After 
expansion 


No heat treatment 


1570 


1750 




2020 


With heat treatment 


1350 


1660 




1966 


No heat treatment 


1570 


1750 


1350 


1750 
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